The risk of pulmonary edema is the main limiting factor in fluid therapy in the critically ill. Interstitial edema is a subclinical step that precedes alveolar edema. This study assesses a bedside tool for detecting interstitial edema, lung ultrasound. The A-line is a horizontal artifact indicating a normal lung surface. The B-line is a kind of comet-tail artifact indicating subpleural interstitial edema. The relationship between anterior interstitial edema detected by lung ultrasound and the pulmonary artery occlusion pressure (PAOP) value was investigated. Method: We performed a prospective study in medicosurgical ICUs of university-affiliated teaching hospitals. We enrolled 102 consecutive mechanically ventilated patients who all underwent pulmonary artery catheterization. We defined A-predominance as a majority of anterior A-lines and B-predominance as a majority of anterior B-lines. These patterns were correlated with PAOP. Results: For diagnosing PAOP < 13 mm Hg, A-predominance had 90% specificity, 67% sensitivity, 91% positive predictive value, and 65% negative predictive value. For diagnosing PAOP < 18 mm Hg, A-predominance had 93% specificity, 50% sensitivity, 97% positive predictive value, and 24% negative predictive value, respectively. Conclusions: A-predominance indicates dry interlobular septa. Specific to predicting a low PAOP value, A-predominance suggests that fluid may be given without initial concern for the development of hydrostatic pulmonary edema. B-predominance indicates interstitial syndrome, which is usually related to interstitial edema. B-predominance is observed in a wide range of PAOP values, precluding conclusions about the need for fluid therapy. This bedside potential will be appreciated by those intensivists who envision fluid therapy based on low PAOP values and who consider that using the concept of a safety factor provided by lung ultrasound is logical.
arly massive fluid therapy has been proven to benefit patients in septic shock. 1 How to assess the end point where the patient has received optimal fluid therapy, while the signs of circulatory failure persist, has not been satisfactorily ascertained. This question has long been approached by using the pulmonary artery occlusion pressure (PAOP), a value obtained using the pulmonary artery catheter (PAC). The PAOP provides information on left ventricular end-diastolic pressure, 2,3 which classically guides fluid therapy, 4 and defines the risk for hydrostatic pulmonary edema.
Lung ultrasound is increasingly becoming a diagnostic tool in the critical care setting, providing standardized data. 5 The B-line is an artifact that correlates with interstitial edema. 6, 7 This study considers the interest of the A-line and B-line in predicting the PAOP value.
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Methods
A prospective 5-year study evaluated 103 critically ill patients receiving a PAC in medicosurgical ICUs. These patients required hemodynamic measurements at the discretion of the managing team faced with instability or complex hemodynamic situations (Table 1) . Patients were consecutive in the context of the part-time presence of the ultrasound operators (DL and GM), who were blinded to the hemodynamic measurements made by other members of the managing team. Hindrances to an examination (extensive dressings or pneumothorax) were a criterion for exclusion. The study was discontinued because PAC use was progressively discontinued.
The ultrasound examination was performed 1 to 10 min before hemodynamic measurements were made and lasted Ͻ 1 min. Through percutaneous introduction into the jugular, femoral, or subclavian veins, 7.5F right heart balloon flotation catheters (Swan-Ganz catheter; Baxter, Edwards; Irvine, CA) were inserted into the pulmonary artery. All patients were mechanically ventilated and adequately sedated. The following usual precautions were taken: pressure head (ie, the piece between the catheter [patient] and the screen, where hydrostatic pressure is converted into digital data displayed on a screen) at the fourth intercostal space at the middle axillary line; the catheter line was flushed; the zero level was checked before measurement; correct catheter placement was checked by using radiography; and appropriate pressure traces were determined surrounding balloon inflation. Only the PAOP curve displaying left auricle pressure curves (ie, characteristic a and v waves) with a value below the average pulmonary artery pressure was considered. Respiratory variations of PAOP remained under respiratory variations of pulmonary artery diastolic pressure. The values recorded for PAOP measurements were obtained from graphic recordings on end-expiration (determined by using pressure curves), without withdrawing patients from mechanical ventilation, with a null or moderate positive end-expiratory pressure (PEEP) level unchanged.
The PAOP was considered a marker of lung filtration pressure rather than end-diastolic left ventricle pressure. If there was mitral regurgitation, the PAOP measurement considered the entire curve (not the nadir value).
The data from this observational study were collected during routine ultrasound examinations, which were not invasive and did not involve therapeutic changes or randomization. Our Ethics Committee stated that approval was not required and waived the requirement for informed consent.
Ultrasound Technique
Ultrasonography is routine in our ICU. 8 Its use has been extended from the heart to the whole body since 1989. 9 An ultrasound device (ADR-4000; ATL; Tempe, AZ) and a 29-cmwide ultrasound device (Hitachi-405; Hitachi; Tokyo, Japan) with a 5-MHz microconvex probe without Doppler were used. The following briefly reviews the ultrasound technique used. We defined the stages of investigation by combining a zone and the patient's position. Stage 1 considers the anterior wall in supine patients. The probe is longitudinally applied perpendicular to the wall. For acute respiratory failure assessment, we used one upper point and one lower point per lung, requiring Ͻ 30 s. 10 For hemodynamic assessment, we divide the anterior surface into four areas, inserting the probe at the center of each, making four points of investigation per lung with dichotomous answer, requiring Ͻ 1 min. The features of the pleural line are illustrated in Figure 1 .
The air/fluid ratio, gradually increasing from pleural effusion (pure fluid) to alveolar consolidation, interstitial syndrome, normal lung, and pneumothorax (pure air), generates characteristic patterns. 10 The nomenclature for describing air artifacts has been published. 11 Normal lung tissue yields lung sliding and horizontal repetition artifacts arising from the pleural line, which have been termed A-lines (Fig 1) . Normal interlobular septa are not detected. Lung sliding is a to-and-fro dynamic of the pleural line, indicating movement of the visceral pleura past the parietal pleura from the respiratory craniocaudal excursion of the lung.
The following seven types of B-lines have long been described by their characteristic features 12 : comet-tail artifact (roughly vertical); artifact arising from the pleural line; hyperechoic artifact (isoechoic to the pleural line); well-defined artifact (laser-beam-like); an artifact spreading up to the edge of the screen without fading; an artifact erasing the physiologic A-lines; and an artifact moving with lung sliding (Fig 2) . The B-line is generated by an air-fluid mixture, which occurs when subpleural interlobular septa surrounded by subpleural air-filled alveoli become edematous. Three or more B-lines visible between two ribs define Bϩ lines, or lung rockets. With a CT scan as a reference, lung rockets appear fully sensitive and specific for demonstrating the subpleural thickened interlobular septa and/or ground-glass areas (ie, interstitial edema) [ Fig 3] . 6 B-lines are observed at the lateral bases in 27% of healthy subjects. 6 Other comet-tail artifacts exist, none having B-line characteristics. Given the clinical importance of the description of the A-lines and B-lines, we provide here figures of some of them (Fig 4) . Pneumothorax was excluded by observing lung sliding or its equivalents. 11 
Study Design
We used a previously described nomenclature 10 for stage 1 artifacts that was designed for assessing acute respiratory failure. The A-profile designates anterior-predominant bilateral A-lines associated with lung sliding. The AЈ-profile is an A-profile with abolished lung sliding. The B-profile designates anterior-predominant bilateral lung rockets associated with lung sliding. The BЈ-profile is a B-profile with abolished lung sliding. The A/B-profile designates anterior-predominant A-lines on one side and predominant lung rockets on the other.
We defined A-predominance as any profile without bilateral lung rockets, and the B-predominance as bilateral lung rockets. This concept focused on interstitial patterns and allowed a dichotomous approach to the lung.
The dependent conditions were PAOP Յ 13 mm Hg and PAOP Յ 18 mm Hg, the two usual cutoff points. The outcome variable was A-predominance or B-predominance.
Statistical Tests
The condition was low PAOP, and the sign was A-predominance, defining true-positive (TP), true-negative (TN), falsepositive (FP), and false-negative (FN) results. The specificity of the tests was defined as TN/TN ϩ FP, the sensitivity as TP/ TP ϩ FN, the positive predictive value (PPV) as TP/TP ϩ FP, and the negative predictive value (NPV) as TN/TN ϩ FN.
Results
Of 103 patients, 1 patient experienced a pneumothorax and was excluded. The study enrolled 102 patients (Table 1) , resulting in 102 comparisons of PAOP and lung ultrasound. Figure 5 indicates the A-predominance to the left columns (with three subtypes), and B-predominance to the right (with two subtypes). A-predominance was observed in 45 cases, and B-predominance in 57 cases.
Distribution of the Respective Values
Results for Cutoff at 13 mm Hg
Sixty-one patients had PAOP Յ 13 mm Hg. The A-profile was found in 29 cases, the AЈ-profile in 7 are those repetitive horizontal echoic lines that arise from the pleural line at regular intervals (skin-pleural line distance). They indicate subpleural air, which completely reflects the ultrasound beam. The length of an A-line can be roughly the same as the pleural line, but it can be shorter, and even not visible (see Fig 4) . On the left margin: "-1" indicates the skin location, "0" the pleural line, "1" the first A-line, "2" a second A-line (lines A1, A2. . .). Note the equidistance between all these structures.
cases, the A/B-profile in 5 cases, the BЈ-profile in 7 cases, and the B-profile in 13 cases.
Forty-one patients had PAOP Ͼ 13 mm Hg. The A-profile was found in 3 cases, the AЈ-profile in none, the A/B-profile in 1 case, the BЈ-profile in 15 cases, and the B-profile in 22 cases.
Results for Cutoff at 18 mm Hg
Eighty-seven patients had PAOP Յ 18 mm Hg. The A-profile was found in 31 cases, the AЈ-profile in 7 cases, the A/B-profile in 6 cases, the BЈ-profile in 21 cases, and the B-profile in 22 cases.
Fifteen patients had PAOP Ͼ 18 mm Hg. The A-profile was found in one case, the AЈ-profile in none, the A/B-profile in none, the BЈ-profile in 1 case, and the B-profile in 13 cases.
For diagnosing PAOP Յ 13 mm Hg, A-predominance showed 90% specificity, 67% sensitivity, 91% PPV, and 65% NPV. For diagnosing PAOP Յ 18 mm Hg, A-predominance showed 93% specificity, 50% sensitivity, 97% PPV, and 24% NPV.
Discussion
Until now, lung ultrasound has been used for diagnosing the lung disorders: pneumothorax, pneumonia, COPD, asthma, and pulmonary embolism, 7,9 -12 for which it showed high accuracy, as has been confirmed by other studies. [13] [14] [15] [16] [17] [18] [19] In particular, ultrasound proved to be an accurate test for diagnosing interstitial syndrome. 6 Pulmonary edema combines respiratory and hemodynamic phenomena. The present study extends the potential of lung ultrasound to the hemodynamic management of critically ill patients. Our results indicate a high specificity of A-predominance for diagnosing low PAOP. The A-predominance is the normal pattern, indicating a dry lung surface. Wet lungs, which are seen in patients with hemodynamic pulmonary edema, yield B-predominance. 6, 7, 10, 17, 19 Acute hemodynamic pulmonary edema yields increased PAOP 2 with interlobular septal edema. Permeability-induced edema yields low PAOP, 20 usually with interlobular septal edema. The present study further validates the concept that B-lines derive from excess fluid accumulation along the interlobular septa caused by the elevation of PAOP with resultant hydrostatic pulmonary edema.
Fluid Administration Limited by Lung Sonography
In patients with pulmonary edema, interstitial edema is a silent step that precedes alveolar edema. 21, 22 The excess fluid first accumulates along the interlobular septa, which are not involved in gas exchanges. The fluid under pressure reaches the subpleural interlobular septa (accessible by using ultrasound analysis). When lymphatic resorption capacity is exceeded (ie, when the interstitial fluid increases Ͼ 50%), fluid begins to pour into the alveoli. 23 This step initiates alveolar edema, with gas exchange impairment and clinical signs.
Pulmonary edema is the main concern during fluid therapy. 2 The PAOP has long been used to evaluate this risk. The value of the PAC is currently being debated, 24 -28 and its use is decreasing while Doppler echocardiography is being advocated. 8,29 -34 The following alternatives are currently being used: central venous pressure; arterial systolic or pulse pressure variation; pulse contour analysis; continuous cardiac output devices; oxygen transport assessment; and microcirculation assessment. [35] [36] [37] [38] [39] [40] This number of techniques possibly reflects the absence of an incontestable "gold standard." All these techniques have drawbacks (eg, invasiveness, delay to implementation, and difficulty in monitoring). None of them assesses interstitial edema directly, as does lung ultrasound. The concept of fluid responsiveness based on the variations in cardiac output is interesting and is being used increasingly. It could be coupled with lung ultrasound, which takes into account the tolerance of the lung to fluid therapy. The relevance of the PAOP can be debated for evaluating left ventricle pressures or fluid responsiveness, 4,28 but this parameter, linked with lung filtration pressure, still indicates the risk of pulmonary edema.
It should be understood that A-predominance does not define a need for fluid therapy, but rather is a criterion for lung tolerance to fluid therapy. If a B-predominance replaces an A-predominance following fluid therapy, this indicates recent interstitial syndrome (ie, the likelihood of acute pulmonary edema), likely from a hydrostatic mechanism. This suggests that the end point has been reached. The ideal aim is to correct the clinical signs of shock while remaining in an A-predominance. This setting does not consider cardiogenic shock, in which the Bprofile is usual on hospital admission. 10 The potential of ultrasound to detect interstitial edema (ie, to benefit from a precursory step) provides a safety margin, enhancing the concept of Guyton and Hall 23 of a safety factor but using modern tools.
Additional Points
Acute disorders abut the pleural line, creating an acoustic window, allowing their distinction. 10 CT scan analysis has shown that subpleural interstitial edema (accessible to ultrasound) is constantly associated with deeper interstitial syndrome 6 (Fig 3) . Lung ultrasound can distinguish anterior interstitial from posterior alveolar patterns (a challenge for anteroposterior radiography).
Lung ultrasound is easily standardized, yielding increasing use. [13] [14] [15] [16] [17] [18] [19] The discernment of A-lines and B-lines shows high interobserver agreement.
Using lung ultrasound, the intensivist will find the advantages of a simple noninvasive, reproducible (allowing monitoring), low-cost bedside tool. Rapidity is a major advantage. In these unstable patients in whom saving time is vital, our machine switches on in 7 s, and the detection of anterior A-lines in one lung classifies the patient as being in A-predominance (even with contralateral B-lines) in Ͻ 30 additional seconds.
The ideal type of machine and probe for critical ultrasound has been discussed. 10 The dimensions and range of our microconvex probe allow optimal use for critical lung (and whole-body) ultrasound. 41 The authors used a 1982 technology for describing A-lines and B-lines, and published the relation between lung ultrasound and PAOP in 2002. 41 Their lung rockets were subsequently used in cardiology. 17 The present report considers critically ill patients and proposes a simple, dichotomous (not continuous) approach to examining a limited area of the chest wall, considering a simple parameter for PAOP estimation. There is no intermediate pattern between A-lines and B-lines. A-lines are dichotomous to B-lines in a given area. The concept of A-predominance or B-predominance allows dichotomous analysis in a given patient. Observation shows that the transformation from dry subpleural interlobular septa to wet subpleural interlobular septa secondary to hemodynamic redistribution affects large territories simultaneously, with little place for intermediate situations, at least in an ICU population. The hydrostatic hyperpressure invades all septa of a given territory (lateral, anterior) simultaneously. Consequently, lung ultrasound allows a simple, qualitative approach. A comprehensive counting of B-lines is a fastidious task that can be interesting for subtle measurements in patients who are not critically ill.
Limitations
The present approach is qualitative. Documenting, for example, lateral walls, cardiac function, and vein calipers provides additional information, to the detriment of simplicity. In this preliminary approach, the authors did not focus on posterior changes since posterior B-lines may indicate gravitational changes. 42 They did not use sophisticated approaches considering the types of ventilation, PEEP variations, different points in the same patients, other imaging or hemodynamic modalities, and lung injury scores.
B-predominance detects interstitial edema, arising from fluid overload as well as permeability-induced pulmonary edema. B-predominance can indicate chronic interstitial syndrome (which would, therefore, present at hospital admission). The detection of B-predominance on the initial examination cannot provide information on the PAOP value. Particular patients who are in hypovolemic shock displaying B-lines or certain cases with massive pulmonary edema can benefit from fluid therapy. The number of cases in this study with B-predominance is explained by the high frequency of parenchymal disorders (hemodynamic or permeability-induced edema) in patients who have been referred for emergency PAC. These disorders are less frequent on hospital admission, which increases the value of our approach. Since patients were consecutive, those with ARDS were included, which may have created a bias (decreasing sensitivity), yet the B-predominance is not constant in ARDS patients. 10 The learning curve for lung ultrasound is not null. It can, however, be favorably compared with other tools in use today.
Conclusions
Lung ultrasound provides a new approach for interstitial edema detection. A-predominance indicates dry anterior interlobular septa. Specific to predicting a low PAOP value, A-predominance suggests that fluid may be given without initial concern for the development of hydrostatic pulmonary edema. B-predominance indicates interstitial syndrome, possibly related to interstitial edema. B-predominance is observed in a wide range of PAOP values, precluding firm conclusions for the need for fluid therapy. It can be detected on initial management or may appear during fluid therapy. This bedside potential will be appreciated by those intensivists who envision fluid therapy based on low PAOP values and who consider that the concept of a safety factor provided by lung ultrasound is logical.
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